ABSTRACT
Introduction
Despite advances in treatment and knowledge of pathogensis, bladder cancer remains significant cause of morbitity and mortality [1] . It is foremost oncologic problem among males in Egypt [2] . According to the Egyptian National Cancer Institute (NCI), it constitutes 30.3% of all cancers [3] . The frequency of schistsoma-related bladder carcinoma among Egyptians is about 31% [4] , where schistsomiasis is hyperendemic with overall prevalence of about 50%.
Bladder cancer patients usually present themselves in an advanced stage of disease with symptoms of cystitis and relatively high recurrence rate [5] . Surgery is the most widely used treatment for bladder cancer. Beside the higher reported incidence of distant metastasis, local recurrence either alone or combined with systemic relapse has been shown to be experienced by 23% -50% of locally advanced patients [6] . As for other cancers, bladder cancer is most likely to be cured if early diagnosed and treated promptly. To date, ideal diagnostic tools and optimal predictors for bladder carcinoma are still not available.
Cystoscopy along with cytology is the mainstay for bladder cancer diagnosis. Cytology is specific but less sensitive particularly in low-grade disease. Cystoscopy on the other hand is invasive, relatively costy and also inconclusive particularly in case of cystitis, therefore, noninvasive markers for detecting bladder cancer are benificial. Urinary markers should be clinically useful, easy to perform, with minimum requirements for sample preparation, higher sensitivity and specificity [7] .
Nuclear matrix protein "NMP-22" is a part of the internal structure framework of nucleus that defines its 3-D structure shape. It has an important role in DNA replication and transcription, RNA processing and regulation of gene expression [8, 9] .
Telomerase is a specialized cellular ribonucleoprotein Markers for Bladder Carcinoma in Egypt reverse transcriptase "hTERT" which stabilizes telomere length by adding hexameric (TTAGGG) repeats to the telomeric ends of chromosomes, thus compensating for the continued erosion of telomeres. Introduction of telomerase catalytic protein component into human cells maintains normal chromosome complement and normal manner of growth [10] [11] [12] . While all human tumors show higher telomerase activity, inhibition of telomerase may result in induction of apoptosis. Thus it may be a promising target for cancer therapy and/or diagnosis [13] . The present study was designed to evaluate the potential diagnostic value of urinary Nuclear Matrix Protein-22 "NMP-22" and Telomerase Reverse Transcriptase "hTERT" among histological subtypes of bladder carcinoma using non-invasive diagnostic tools.
Subjects and Methods

Subjects
One hundred and sixty two male subjects were involved in our study, recruited from the clinical oncology department at Al-Azhar university hospitals. Patients were divided into two main groups: 120 with non-muscle invasive bladder cancer 72 with transitional cell bladder carcinoma "TCC" and 48 with Squamous cell bladder carcinoma "SqCC"), 21 patients with non malignant bladder conditions "NM". In addition to 21 age matched, healthy volunteers representing control group "C".
Subjects included in our study were subjected to careful clinical examination, routine radiological investigations, urine cytology, and histopathological typing. All subjects provided informed written consents for participation, and the study was approved by the ethics committee of clinical oncology departement, Al-Azhar university hospitals.
Methods
A single voided urine sample was collected from all subjects in the early morning (second void of the day), for cytological examination and estimation of investigated markers. Samples handeling, storage and preparation were done according to manufacturers' instructions. hTERT activity was determined by TeloTAGGG Telomerase PCR-ELISA (Roche Diagnostics GmbH, Roche Applied Science, Mannheim, Germany) using Stratagene Mx 3000P Thermal Cycler (Agilent Technologies-Germany). NMP-22 concentration was determined by enzyme linked imunosorbent assay (Matritech NMP-22 ® Test Ki, Bin ax Inc., Scarborough, USA) using semi automated StatFax 2100 Microplate reader (STAT FAX ® , USA).
Statistics
Statistics were done using GraphPad Instat tm (Graph software Inc., V 3.05, Ralf Stahlman, Purdue Univ.). Appropriate graphs were plotted using GraphPad Prism 5 (Graphpad software Inc., V 5.01, USA). Correlation coefficient was done using least square method. The accuracy indices were calculated according to Reed et al. [14] . The threshold value for optimal sensitivity and specificity was determined by receiver operating characteristics (ROC) analysis (SPSS Software package for Windows V 10.0, SPSS Inc., USA).
Results
Concerning age, and using Tukey-Kramer multiple tests, no significant variations were verified comparing each of non maignant bladder cancer, squamous cell bladder carcinoma and transitional cell bladder carcinoma to control group.
Our results showed that urinary levels of both hTERT and NMP-22 were significantly higher in both malignant and non malignant groups at p < 0.0001. Both markers were significantly elevated in squamous cell bladder carcinoma and transitional cell bladder carcinoma groups when compared to control group (post-hoc test, p < 0.001), also in transitional cell bladder carcinoma group as compared to non malignant group (p < 0.05, 0.001 respectively). Additionally, NMP-22 levels in squamous cell bladder carcinoma were significantly elevated compared to transitional cell bladder carcinoma and non malignant groups (p < 0.05, 0.001 respectively). Clinical data of all subjects and urinary levels of hTERT and NMP-22 are shown in Tables 1 and 2 respectively.
Urinary levels of hTERT and NMP-22 were significantly higher in all squamous cell bladder carcinoma grades compared to C group (G 1 and G 3 at p < 0.001 and G 2 at p < 0.01) with no discriminative ability between different grades. In transitional cell bladder carcinoma group, both markers were significantly elevated in all grades except grade 1 (G 1 ), when compared to control group (p < 0.001). Both Grade 2 (G 2 ) and grade 3 (G 3 ) showed significant difference from that of G 1 (p < 0.01).
Urinary levels of hTERT were significantly higher in tumor stages 2 and 3 of squamous cell bladder carcinoma group (p < 0.001) and tumor stages 3 and 4 of transitional cell bladder carcinoma group (p < 0.001) compared to control group. Tumor stage 4 varied significantly from that of T-stage 2 (p < 0.05) in squamous cell bladder carcinoma group, while in transitional cell bladder carcinoma group both of tumor stages 3 and 4 varied significantly from that of tumor stage 1 (p < 0.05).
Urinary levels of NMP-22 were significantly elevated in all tumor stages of both squamous cell bladder carcinoma (T-stages 2, 3 and 4 at p < 0.001, while T-stage 1 at p < 0.01) and transitional cell bladder carcinoma groups (T-stages 1 and 2 at p < 0.01, while T-stages 3and 4 at p < 0.001) compared to control group with no discriminative ability among different T-stages.
As shown in Figure 1 , urinary levels of hTERT (nm) showed statistically significant correlation with urinary levels of NMP-22 (U/ml) among all bladder cancer patients and transitional cell bladder carcinoma group (p < 0.0001), with no significant correlation between the two markers in squamous cell bladder carcinoma group. p < 0.001 compared to TCC group, p < 0.05 compared to TCC group, § § p < 0.01 compared to G 1 subgroup using Kruskal-Wallis non-parametric ANOVA followed by Dunn's multiple comparison test. Cut-off value of NMP-22 = 10 U/ml. Data were approximated to the second decimal. The diagnostic accuracy, sensitivity and specificity of hTERT and NMP-22 (at threshold 0.2 nm and 10 U/ml respectively) were 78.39%, 83.33%, 53.33% and 82.5%, 78.57%, 85.71% respectively. Receiver operating characteristics (ROC) analysis for investigated parameters in bladder cancer patients is shown in Table 3 , where quantitatively, area under the curve "AUC" is an overall measurement of accuracy. Combination of both markers improved sensitivity compared to each alone up to 89.19%.
Discussion
Bladder carcinoma is the most prevalent cancer in Egypt and most of African countries [15] . Diagnosis is usually done at late tumor stages when therapy is rarely curative. The need for early detection must be emphasized [16] .
We do believe that an ideal test for monitoring bladder cancer should be objective, noninvasive, easy to administer, interpret, and with high sensitivity and specificity. Many institutions routinely use screening cystoscopy, urine cytology and random bladder biopsy to find preclinical bladder cancer in elderly patients. Considerable efforts have been made to improve the ability of urologists to detect bladder cancer. Some tumor markers have been proposed for the detection of bladder tumors, but each test has its drawbacks and limitations. The present study assessed the accuracy of non-invasive tests for detection of bladder cancer.
In the present analysis, NMP-22 and hTERT were estimated in urine of patients with bladder cancer, in a trial to assess their value in early detection through a reliable non-invasive tool. Moreover, we investigated their role in differential diagnosis among different histological subtypes.
Both urinary hTERT and NMP-22 were significantly elevated in all bladder cancer patients. hTERT was able to discriminate between transitional cell bladder carcinoma and non malignant cancer. Additionally, NMP-22 was able to discriminate between transitional cell bladder carcinoma and squamous cell bladder carcinoma, also between both groups and non malignant cancer. Both markers showed elevated levels at all grades of transitional cell bladder carcinoma and squamous cell bladder carcinoma (except for G 1 in transitional cell bladder carcinoma group) with no discriminative ability between different grades in squamous cell bladder carcinoma group. Interestingly, both markers succeded to discriminate between advanced grades (G 2 and G 3 ) from that of G 1 in transitional cell bladder carcinoma patients. Although urinary NMP-22 was significantly elevated in all T-stages of both transitional cell bladder carcinoma and squamous cell bladder carcinoma subgroups with no discriminative ability, urinary hTERT succeded to discriminate between each pair of Tumor stages 3 and 1, 4 and 1 of transitional cell bladder carcinoma, 2 and 4 of squamous cell bladder carcinoma.
Our results are in complete agreement with Lahme et al. and Eissa et al. whom reported significantly higher levels of urinary NMP-22 in transitional cell bladder carcinoma than in benign bladder conditions and controls [17, 18] . Additionally, data presented here are in line with Pattari and Dey whom introduced NMP-22 immunoassay as a cost-effective and sensitive screening test for detecting tumor in patients with urothelial carcinomas [19] .
In accordance, recent study of Lekili et al. showed that urinary NMP-22 levels in bladder cancer patients were significantly higher than control [20] . Researchers attributed this elevation to release of nuclear mitotic apparatus protein from tumor cells in detectable levels, sometimes more than 25-fold greater than normal cells, perhaps due to cell death [21, 22] . In the contrary, there is data suggesting that intracellular NMP-22 levels correlate with degree of differentiation, tumor grade or tumor stage [20, 23] .
Previous reports have pointed out that telomerase activity as well as the mRNA expression levels of its subunits is associated with malignancy in many bladder tumor histotypes [24] [25] [26] [27] [28] , which is in line with our results on Egyptian bladder cancer patients. Additionally, and in agreement with our results, Mezzasoma et al. reported 11.4 fold increment of hTERT expression in washing fluids of bladder cancer patients compared to controls, reflecting the necessity in producing high levels of proteins required for its biological function [29] . Moreover, Li et al. showed that telomerase activity in urine was helpful in diagnosis of urothelial carcinomas and may be related to degree of differentiation [30] . Recent study by [31] . Former studies reported that expression of hTERT and hTR mRNA, in voided urine samples, seems to correlate positively with tumor stage and grade [24, 29, 32] . Here we reported that urinary levels of hTERT positively correlated with that of NMP-22 in both bladder cancer group and transitional cell bladder carcinoma group, but not in squamous cell bladder carcinoma, in line with Abd El Gawad et al. [33] . Cytologic examination of urinary sediment has become a standard procedure for diagnosis and monitoring of patients with bladder tumors. Sensitivity of voided urinary cytology is 40% -80% and specificity is 85% -100% in various studies [34] .
In our study, accuracy, sensitivity and specificity of hTERT and NMP-22 were 78.39%, 83.33%, 53.33% and 82.5%, 78.57%, 85.71% respectively, demonstrating better sensitivity of NMP-22 than urine cytology. In previous studies, sensitivity and specificity of hTERT were 62% -85% and 91.3% -100% [19] , 70% -86% and 60% -90% respectively [7] . Researchers showed that the overall sensitivity of NMP-22 was 70% at reference value of 10 IU/ml [35] , while others demonstrated that sensitivity and specificity of NMP-22 were 68.5% -88.5% and 65.2% -91.3% [7] , 92.9% and 70.6% respectively as compared with voided urine cytology (sensitivity of 76.2% and specificity of 76.5%) [36] . In line with our results, Poulakis et al. reported that NMP-22 tests are better than voided urine cytology for detecting superficial and low-grade bladder cancer but they have significantly lower specificity [37] .
Our results demonstrate that analyses of urinary hTERT and NMP-22 expression are noninvasive, reproducible and objective tests that may have the potential to replace voided urine cytology and used as diagnostic markers for Bladder carcinoma in Egypt.
Conclusions
To our knowledge, this is the first study demonstrating the clinical significance of NMP-22 and hTERT among different histological subtypes of bladder cancer using non-invasive procedures.
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